SOCS2 induces neurite outgrowth by regulation of epidermal growth factor receptor activation.
Suppressor of cytokine signaling (SOCS) 2 is a negative regulator of growth hormone (GH) signaling that regulates body growth postnatally and neuronal differentiation during development. SOCS2 binds to the GH receptor and inhibits GH signaling, including attenuation of STAT5 activation. Here we describe a new function and mechanism of action for SOCS2. Overexpression of SOCS2 in central nervous system neurons promoted neurite outgrowth, and in PC12 cells, neurite outgrowth was induced under nondifferentiating conditions, leading to inhibition of the neurite-inhibitory GTPase Rho and activation of the neurite-promoting GTPase Rac1. Addition of the epidermal growth factor receptor (EGFR) inhibitors PP3 or AG490 or the Src kinase inhibitor PP2 blocked the SOCS2-induced neurite outgrowth. The overexpressed SOCS2 bound to the EGFR, which was constitutively phosphorylated at Tyr845, the Src binding site. Overexpression of the phosphatase SHP-2 reduced the constitutive EGFR phosphorylation and subsequent neurite outgrowth. SOCS2 expression also resulted in a modest 30% decrease in phosphorylation of STAT5b at Tyr699, which is the primary site on STAT5 phosphorylated by GH; however, total tyrosine phosphorylation of STAT5 was decreased by 75-80% under basal and epidermal growth factor-stimulated conditions. Our findings suggest that SOCS2 regulates EGFR phosphorylation, leading to regulation of neurite outgrowth through a novel pathway that is distinct from GH.